Magnetic properties and magnetocaloric effect of HoCo 3 B 2 compound AIP Advances 8, 056432 (2018) 
Complicated magnetic phase transitions and Large magnetocaloric effects (MCEs) in RCoGe (R=Tb, Dy) compounds have been reported in this paper. Results show that the TbCoGe compounds have a magnetic phase transition from antiferromagnetic to paramagnetic (AFM-PM) at T N ∼16 K, which is close to the value reported by neutron diffraction. The DyCoGe compound undergoes complicated phase changes from 2 K up to 300 K. The peak at 10 K displays a phase transition from antiferromagnetic to ferromagnetic (AFM-FM). In particular, a significant ferromagnetic to paramagnetic (FM-PM) phase transition was found at the temperature as high as 175 K and the cusp becomes more abrupt with the magnetic field increasing from 0.01 T to 0.1 T. The maximum value of magnetic entropy change of TbCoGe and DyCoGe compounds achieve 14.5 J/kg K and 11.5 J/kg K respectively for a field change of 0-5 T. Additionally, the correspondingly considerable refrigerant capacity value of 260 J/kg and 242 J/kg are also obtained respectively, suggesting that both TbCoGe and DyCoGe compounds could be considered as good candidates for low temperature magnetic refrigerant. © 2017 Author (s 1 and decades later Weiss and Piccard discovered it experimentally, 2 magnetic refrigeration based on magnetocaloric effect (MCE) has attracted tremendous attention due to its energy-efficient and environment-friendly advantages as compared with the common gas-compression refrigeration technology. Magnetic refrigeration has achieved great success in ultra-low temperature. 3, 4 Recently, it has been anticipated to be widely used in room temperature in the near future. 5 Many excellent magnetocaloric materials have been reported in detailed, such as Gd 5 Si 2 Ge 2 , MnFeP 1-x As x , MnAs 1-x Sb x , La(Fe, M) 13 (M=Si, Al), and NiMnGa. [6] [7] [8] [9] [10] [11] In addition to common applications such as domestic refrigerators, many materials showing large ∆S M in low temperature range have also been studied, as they are important for basic research as well as special technological applications. [12] [13] [14] [15] [16] The RTX (R = rare earth, T = transition metal, and X = p-block metal) family compounds with various crystalline structures have been explored extensively because of their rich magnetic and electrical transport properties. [17] [18] [19] Recently, lots of attentions have been paid to
II. EXPERIMENTAL DETAILS
Polycrystalline DyCoGe and TbCoGe compounds were synthesized by arc-melting the stoichiometric mixture of constituent elements Dy/Tb, Co, and Ge with high-purity under purified argon atmosphere. 3 at% excessive rare earths were added to compensate the weight loss during the arcmelting. These ingots were re-melted several times to ensure their homogeneity. Then these samples were annealed in a quartz tube filled with high-purity argon atmosphere for two weeks at 900 K to improve the homogeneity. Phase purity and crystal structure of annealed samples were checked by Powder X-ray diffraction (XRD) using Cu Ka radiation at room temperature. Magnetizations were carried out on a commercial MPMS SQUID VSM magnetometer and a commercial MPMS-XL SQUID magnetometer (Quantum Design).
III. RESULTS AND DISCUSSION
The powder XRD patterns of TbCoGe and DyCoGe compounds at room temperature are shown in Fig Figure 2b shows the temperature dependence of magnetization for the DyCoGe compound under the fields of 0.01 T, 0.05 T and 0.1 T, respectively. Several cusps indicate DyCoGe undergoes complicated phase changes from 2 K up to 300 K. From M-T curves at 0.01 T, we can speculate that the sharp change at 10 K is corresponding to a magnetic phase from antiferromagnetic to ferromagnetic (AFM-FM). The transition at lower temperature is considered to be caused by many competing forces. In particular, a significant ferromagnetic to paramagnetic (FM-PM) phase transition was found at the temperature as high as 175 K, which is similar to that of HoCoGe and RCoSi (R=Gd, Tb) compounds. 29, 32 The difference is the cusp of DyCoGe becomes more abrupt with the magnetic field increasing from 0.01 T to 0.1 T. We also suspect a structural phase transition occurs with temperature increasing, but we have found no any peak appearing or vanishing from the powder XRD patterns of DyCoGe around all of the phase transition temperatures, as shown in Fig. 2c . Table I shows the magnetic phase transition temperatures and crystal structures of RCoX (R=La-Sm, Gd-Er; X=Si, Ge) compounds. [29] [30] [31] [32] [33] [34] [35] [36] [37] We will continue to have a deep research about the interesting magnetic phase changes in RCoGe (R=Gd∼Er) compounds in the future.
The magnetization isotherms taken at different temperatures from 0 T to 5 T field are shown in Fig. 3a . The magnetization is not saturated at 5 T field, but it shows a tendency to get saturated at higher field. The significant change in the slope of magnetization isotherms near T N is expected to result in significant magnetic entropy change. To make it clear, partially enlarged view is shown up in the inset of Fig. 3a . Below the temperatures T N , the magnetization curve shows a linear increase and then a sudden jump with increasing magnetic field, indicating the metamagnetic transition from AFM to FM phase. The negative slope of the Arrott plot confirmed the occurrence of a first-order 38 Generally speaking, metamagnetic transition from AFM ground state to FM state belonged to first-order transition. The critical field of metamagnetic transition about the magnetization curve at 2 K was 1. It was evident that both the peak values of ∆S M of TbCoGe and DyCoGe compounds were competitive to the other potential magnetic refrigerant materials in low temperature range.
IV. CONCLUSION
In conclusion, both the TbCoGe and DyCoGe compounds crystallizes in TiNiSi-type orthorhombic structure. A competitive MCE and large RC in RCoGe (R=Tb, Dy) compounds were observed. For a field change of 0-5 T, the maximum values of ∆S M are 14.5 J/kg K and 11.5 J/kg K, and RC values are 260 J/kg and 242 J/kg, for TbCoGe and DyCoGe compounds respectively. The excellent performances indicate the RCoGe (R=Tb, Dy) compounds are attractive candidates for magnetic refrigeration in the low temperature range.
